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* NOTICES ♦ 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] By irradiating laser light and carrying out ablation of this giant molecule to the giant molecule which is an 
analytic object Atomize a macromolecule in a configuration element, and ionize the configuration element which 
atomized and the macromolecule which is the analytical method of the macromolecule using the laser ablation which 
analyzes the ionized configuration element, and is an analytic object is irradiated. By irradiating the giant molecule 
which the laser light which carries out ablation of this giant molecule is ultrashort pulse laser light, and is the object 
of analysis of this ultrashort pulse laser light, and carrying out ablation of this giant molecule Analytical method of 
the macromolecule using the laser ablation which is what analyzes the configuration element which ionized while 
atomizing this macromolecule in the configuration element, and was ionized. 

[Claim 2] The macromolecule which is an analytic object in the analytical method of the macromolecule using laser 
ablation according to claim 1 is the analytical method of the macromolecule using the laser ablation solid-phase- 
ized. 

[Claim 3] It is the analytical method of the macromolecule using the laser ablation which is an approach including 
the solid-phase-ized process by dropping the solution of the macromolecule whose approach of solid-phase-izing of 
a macromolecule is the object of analysis on a substrate in the analytical method of the macromolecule using laser 
ablation according to claim 2, and drying. 

[Claim 4] It is the analytical method of the macromolecule using the laser ablation said whose substrate is a solid- 
state in the analytical method of the macromolecule using laser ablation according to claim 3 and whose heat 
conductivity of this solid-state is -1-K-1 or more 0.1 W-m. 

[Claim 5] The macromolecule which is an analytic object in the analytical method of the macromolecule using laser 
ablation according to claim 1 is the analytical method of the macromolecule using the laser ablation which attaches 
an element indicator. 

[Claim 6] It is the analytical method of the macromolecule using the laser ablation said whose element indicator is 
: u. i°? analytical method of the macromolecule using laser ablation according to claim 5. and / a periodic 
table J I group element. 

[Claim 7] It is the analytical method of the macromolecule using the laser ablation said whose element indicator is 
: i^J analytical method of the macromolecule using laser ablation according to claim 5. and / a periodic 
table J 16 group element. 

[Claim 8] It is the analytical method of the macromolecule using the laser ablation said whose element indicator is 
: T, 1**?-, ^"^'y*'**^' "lethod of the macromolecule using laser ablation according to claim 5. and / a periodic 
table J 1 7 group element. 

[Claim 9] It is the analytical method of the macromolecule using the laser ablation said whose element indicator is 
I in / on the analytical method of the macromolecule using laser ablation according to claim 5. and / a periodic 
table J a transition-metals element. 

[Claim 1 0] It is the analytical method of the giant molecule using the laser ablation said whose element indicator is a 
stable isotope indicator in the analytical method of the giant molecule using laser ablation according to claim 5 
ICIaim 11] The ultrashort pulse laser light which irradiates the giant molecule which is an analytic object and carries 
out ablation of this giant molecule in the analytical method of the giant molecule using laser ablation given in any 1 
term of claims 1-10 is the analytical method of the giant molecule using the laser ablation whose pulse period width 
ot face IS ten or less picoseconds and whose cusp value output is ten MW or more 

[Claim 12] The ultrashort pulse laser light which in-adiates the giant molecule which is an analytic object and carries 
out ablation of this giant molecule in the analytical method of the giant molecule using laser ablation according to 
claim 11 IS the analytical method of the giant molecule using the laser ablation whose pulse period width efface is 
r2? '!f,^ picosecond more than per femtosecond and whose cusp value output is 1GW or more 10GW or less 
LOIaim 1 3J It is the analytical method of the macromolecule using the laser ablation whose analysis of said ionized 
configuration element IS mass analysis in the analytical method of the macromolecule using laser ablation given in 
any 1 term of claims 1-12. 

InS-^^^ is the analytical method of the giant molecule using the laser ablation whose mass analysis is the mass 
analysis according [ on the analytical method of the giant molecule using laser ablation according to claim 13. and ] 
to a I vJr method. 

[Claim 15] Analytical method of the macromolecule using the laser ablation which is what analyzes two or more 
ionized configuration elements to coincidence in the analytical method of the macromolecule using laser ablation 
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given in any 1 term of claims 1-14. 
[Claim 16] The macromolecule which is an analytic object in the analytical method of the macromolecule usin^ 
ablabon gwen m any 1 term of claims 1-15 is the analytical method of the macromolecule using The bser abS^^^^^ 
i?.' '%! u^"!'.!^ ^"''^ "^"^ microarray was fixed, or a nucleic acW " 

ICIaim 1 7J It IS the analytical method of the giant molecule using the laser ablation whirh ;« tk- hma • 

"tVctm" I'r' ^^'^ ^'^^^^-^^ ^''^ ^^^^^oV^^^^^^ 

Ih^JntU^'* laser light which carries out ablation of the giant molecule to any 1 term of claims 1-1 7 

.n the anahrt.cal method of the g,ant molecule using the laser ablation of a publication, and the riaTt molec^e whlh 
.s an analytic object are the analytical method of the giant molecule using the laser abiron whS I,^Ses L 

"eTortTurse ?ar ? ht'^ H't ^^^^'^ omission atd d'Sn by 

te^fmTJl R„ w J'^ 1 r u'""" by moving either at least 

aniZc obit^tT t'"^ ""^'"^ °^ "^'^ "'<''«<^"'« to the giant molecule which is an 

analybc object It .s the analysis system of the macromolecule using the laser ablation which atomizes a 

i^izrctnfi V ^'^--t- the configuration element which atomfeed and ana Jres the 

ionized configuration element The vacuum tub which can arrange a target inside. The analysis systerof the 
macromolecule which has the analyzer arranged in said vacuum tub. anS the ultr;short pulsHairi^d^Ited to the 
target which earned out outgoing radiation of the ultrashort pulse W light and hafbet ar;:rg;;T„tld vf^^^^^^ 

iS'^Lf uim tb Tn'^he -%«'-o'^o'«cule which has further a migration means to move a target into 

sa d vacuum tub. in the analysis system of a macromolecule according to claim 19 

[Claim 23] It is the analysis system of the macromolecule said whose analyzer is a mass SDectroeraoh in th« 
analysis system of a macromolecule given in any 1 term of claims 19-22 spectrograph m the 

[Claim 24] It is the analysis system of the macromolecule said whose mass sD6rfrn<«-=.„j, io , -4 
spectrograph in the analysis system of a macromolecule according to Saim Z '" '^^ " " Puadrupole mass 
ICIaim 25] It is the analysis system of the macromolecule said whose mass SDectroeranh U a t-a- 
spectrograph in the analysis system of a macromolecule according to da^m " ^ t.me-oMiight mass 

I,!! " i'" *• '"«'IV»» of*. m.cromol,„^ which puke period „i*h of f.o. 



[Translation donej 
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* NOTICES ♦ 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 



1. This document has been translated by computer. So the translation may not reflect the original precisely 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] About the analytical method of the macromolecule which used laser ablation and its system 
concernmg the analytical method of the macromolecule using the laser ablation which made it possible to improve 
anaWrtic effectiveness remarkably in a detail as compared with the former, and its system, further, this invention is 
used for the mass analysis of various kinds of macromolecules. such as DNA, protein. RNA and PNA. a lipid and 
sugar and relates to the analytical method of the macromolecule using suitable laser ablation, and its system. 

[Description of the Prior Art] In recent years, the application range of a mass spectrometry is spreading from the 
field of physics or chemistry quickly to the field of life sciences, such as medicine and biochemistry. Especially 
development to the decision calculus of proteinic molecular weight, the decision calculus of an amino acid seauence 
etc. IS astonishing. 

[0003] A sample is ionized by various approaches, and the principle of such a mass spectrometry separates the ion 
obtained by ionization according to mass/charge, and measures the reinforcement of each separated ion 
[0004] By the way. an electron is added and ionized to the macromolecule itself, the molecule of the amount of 
macromolecules is subdivided in the molecular ion of low molecular weight, and the mass analysis of the 

'"^°''<'"i°'«0"'e performs [ the mass is analyzed, or] mass analysis, and compared the component 
[0005] the secondary ion mass analysis (SIMS) which high energy atom ion is made to collide with a macromolecule 
and IS ionized as an ion generation method in the mass analysis of the conventional macromolecule here for 
example — law and the electronic ionization (ED) which subdivides in the molecular ion of low molecular' weight, and 
performs mass analysis by electron impact — law and matrix exchange laser ionization (MALDI) — law etc is 
known. 

[0006] However, also in which the above-mentioned approach, in order to carry out mass analysis of the 
macromolecule ion. there were a trouble that the mass spectroscope of a high resolution is required, a trouble that 
the existence of fragment ion which carried out decomposition generation halfway made analysis of a mass 
spectrum difficult, etc. 

[0007] the laser atomization resonance ionization (LARIMP) which performs atomization and ionization with 
nanosecond laser conventionally on the other hand, for example as the mass analysis approach of the 
macromolecule sample which carried out the indicator with the isotope on the occasion of the chemical analysis — 
law IS known. 

[0008] However, since two sets of laser with the resonance ionization laser for ionizing the atom of the atomization 
laser for atomizing a labelled atom and the atomized labelled atom as laser were needed according to this LARIMP 
method, there was a trouble that a system configuration became complicated. 

[0009] Furthermore, in the LARIMP method, as described above, it is necessary to carry out resonance ionization of 
the tagged atom For this reason, the laser light of the wavelength of a proper needed to be irradiated to each 
tagged atom, and there was a trouble that it was very difficult to perform efficient analysis, in the situation which 
the indicator isotope of varieties mixed. 
[0010] 

[Problem(s) to be Solved by the Invention] The place which this invention is made in view of the various troubles 
which a Pnor art which was described above has. and is made into the purpose They are the analytical method of 
the macromolecule using the laser ablation which generates the atomic ion of the configuration atom which 
constitutes a macromolecule. and analyzed the generated atomic ion. and its system. It is going to offer the mass 
analysis approach of the macromolecule using the laser ablation it was made not to require the analysis apparatus of 
a high resolution, and its system. More, in performing mass analysis, while eliminating a possibility that the analysis 
of a mass spectrum may become difficult, it is going to provide a detail with the mass analysis approach of the 
macromolecule using the laser ablation it was made for a mass spectroscope not to take a high resolution to. and its 
system. 

[001 1] Moreover, the place made into the purpose of this invention tends to offer the analytical method of the 
macromolecule using the laser ablation which made it possible to realize to coincidence atomization and ionization of 
the configuration atom which constitutes a macromolecule by one set of laser, and made It possible to compact a 
system configuration sharply, and its system. 

[001 2] Furthermore, the place made into the purpose of this invention tends to offer the ana^ical method of the 
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[0013] 

giant molecule scatteringly and constitutes the giant molecule concerned rcar" ing out 'b at^^ " 
molecule wrth ultrashort pulse laser light ] atom of every according to the anaS method „f th ! ? , 
using the laser ablation of this invention, and its system analytical method of the giant molecule 

[0015] When performing mass analysis in the analytical method of the macromolecule using the laser ahUfInn «f 
mvention. and rts system, mass analysis of the atomic ion of a low quality amount wi! be cai^ed o J^nH > h 

Z:^ITZ ir^'"'''^ -^'V- °f ^ mass spectrum may'become di^L^ not onTto dTappel; 6^""" 

therefore, to equip a mass spectroscope with a high resolution o'sappear. but 

10016] moreover, as described above, according to the analytical method of the giant molecule usins th« 

now. analysis effectiveness can be raised remarkably * ^ configuration 

ujuj Moreover, rt .s made for the above-mentioned element indicator of invention according to claim 10 to be a 



http://vvww4.lpdl.nclpi.gojp/cgi-bin/tran_web_cgi_eije 



3/7 y<—iy 

stable isotope indicator in invention according to claim 5 among this inventions among this inventions 
[0031] Moreover, pulse period width efface is ten or less picoseconds, and it is made for the cusp value output of 
the ultrashort pulse laser light which invention according to claim 11 Irradiates the giant molecule which is an 
analytic object in mvention given in any 1 term of claims 1-10 among this inventions among this inventions and 
carries out ablation of this giant molecule to be ten MW or more. 

[0032] Moreover, pulse period width efface is one or less picosecond more than per femtosecond, and it is made for 
the cusp value output of the ultrashort pulse laser light which invention according to claim 1 2 irradiates the giant 
molecule which is an analytic object in invention according to claim 11 among this inventions among this inventions 
and carries out ablation of this giant molecule to be 1GW or more 10GW or less. 

[0033] Moreover, it is made for analysis of the configuration element which carried out [ in / among this 
inventions / invention given in any 1 term of claims 1-12 / above-mentioned ] ionization of the invention according 
to claim 13 to be mass analysis among this inventions. 

[0034] Moreover, it is made for invention according to claim 14 to be the mass analysis according [ mass analysis ] 
to a TOF method in invention according to claim 13 among this inventions among this inventions. 
[0035] Moreover, invention according to claim 15 analyzes two or more ionized configuration elements to 
rnno'^i*^*"*'^ S'''*" 1 of claims 1-14 among this inventions among this inventions. 

10036J Moreover, it is made for the macromolecule whose invention according to claim 16 is [ in / among this 
inventions / invention given in any 1 term of claims 1-15 ] an analytic object to be the analog of the nucleic acid to 
which the DNA mioroarray was fixed, or a nucleic acid among this inventions. 

£nolJ specifically as an analog of a nucleic acid or a nucleic acid. DNA. RNA. and PNA are mentioned 

10038J Moreover, it is made for invention according to claim 17 to be the DNA mioroarray which many channelized 
the above-mentioned DNA mioroarray in invention according to claim 16 among this inventions among this 

inventions. 

[0039] Moreover, among this inventions, invention according to claim 18 is made to analyze by carrying out ablation 
of the giant molecule which is the object of this analysis without omission and duplication by the short pulse laser 
light which carries out ablation of this giant molecule, when the short pulse laser light which carries out ablation of 
the giant molecule to any 1 term of claims 1-17 in invention of a publication among this inventions, and the giant 
molecule which is an analytic object move either at least. 

[0040] Aniongthis inventions, moreover, invention according to claim 19 By irradiating laser light and carrying out 
ablation of this giant molecule to the giant molecule which is an analytic object It is the analysis system of the 
macromolecule using the laser ablation which atomizes a macromolecule in a configuration element, ionizes the 
configuration element which atomized and analyzes the ionized configuration element The vacuum tub which can 
arrange a target inside. It is made to have the analyzer arranged in the above-mentioned vacuum tub. and the 
ultrashort pulse laser in-adiated to the target which carried out outgoing radiation of the ultrashort pulse laser light 
and has been arranged in the above-mentioned vacuum tub. ' 
[0041] Moreover, it is made for invention according to claim' 20 to have further a migration means to move a target 
into the above-mentioned vacuum tub. in invention according to claim 19 among this inventions among this 
inventions. 

[0042] Moreover, it is made for a migration means by which invention according to claim 21 moves [ in / among this 
inventions / invention according to claim 20 ] the above-mentioned target to be a rotation means to rotate a tareet 
among this inventions. 

[0043] Moreover, it is made for invention according to claim 22 to have further a migration means to move the 
exposure location to the target of ultrashort pulse laser light, in invention according to claim 19 among this 
inventions among this inventions. 

[0044] Moreover, it is made for the above-mentioned analyzer of invention according to claim 23 to be a mass 
f^^l^^r"^ Siven in any 1 term of claims 19-22 among this Inventions among this Inventions 

10045J Moreover, it is made for the above-mentioned mass spectrograph of invention according to claim 24 to be a 
?nn^IV'i? spectrograph in Invention according to claim 23 among this inventions among this inventions 

L0046J Moreover, it is made for the above-mentioned mass spectrograph of invention according to claim 25 to be a 
rnn!^?V/' spectrograph in invention according to claim 23 among this inventions among this inventions 

I0047j Moreover, it is made for the above-mentioned mass spectrograph of invention according to claim 26 to be 
the amount analyzer of ion cyclotron mold fourier strange obversions in invention according to claim 23 among this 
inventions among this inventions. 

[0048] Moreover, pulse period width of face is ten or less picoseconds, and it is made, as for invention according to 
claim 27. for a cusp value output to irradiate the short pulse laser light which is ten MW or more in invention given in 
any 1 term of claims 19-26 among this inventions among this inventions as for the above-mentioned ultrashort 
pulse laser. 

[0049] Moreover, pulse period width of face is one or less picosecond more than per femtosecond, and it is made as 
for invention according to claim 28, for a cusp value output to irradiate the 1 GW or more short pulse laser light 
which IS 10GW or less m invention according to claim 26 among this inventions among this inventions as for the 
above-mentioned ultrashort pulse laser. 

[0050] Here, in case ablation of the giant molecule is carried out by ultrashort pulse laser light in this invention, if 
the one-shot (one pulse) exposure of the ultrashort pulse laser light is carried out. it is enough for a giant molecule 
However, what is necessary is to carry out two or more shot (two or more pulses) exposure of the ultrashort pulse' 
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laser light, and just to choose suitably the shots per hour (pulse number) of the ultrashort pulse laser lieht to a 
macromolecule to irradiate as a macromolecule ««>norx puise laser light to a 

SSS^"'"^-— ^^^^ 

Sl'n J feilJLel^nT^n7.K° ''^ ^^'^ l^**--' «hen pulse period width of face 

Sample. ''^'"^ S**"** «ble to be obtained, for 

SlseTrt.?uch'^^^ '•''^'if!" o'^^"'^ -a-^P'e which carried out the indicator of the ultrashort 

JhtrsXe accord^^^^ to IT T u"^ -to'^i^ation and coincidence, with 

[0055] Moreover in this invention, the short pulse laser light which carries out ablation of the giant molecule and 
TIL.^ ' ^ Poss^^to-per: ^Sfn^enTe^na^- 

LTi^vrotar/rbtr: iofirrcSr:^^^^^^^^^ of 

possible to use the isotope of varieties as an indicator, and as an iIdtU:V 'Z'ZTof 
indicator can be increased also in the number of the stable isotopes of varieties (270 kfndkTThlc 
amount of information by leaps and bounds as compared with the fruoresrencrmeth«d fi I a r^"*".*.^^' 
about ten kinds) which are the conventional indicator method ^^-6 kinds) and radioisotope 

[0058] In the periodic table. 35CI(s) which are 17 erouos' stahln '»7r>i *. , 

indicator used in a DNA microarray experiment in fheTerio^c tab^^^^^^^^^ To T^K '^f • 

stable isotope, in the periodic tables such as 39K 41 K k u , ' ^''^ groups' 

transition metals, such as 1 18Sn and 120Sn. in the periodic table ^ isotopes of 

[0059] After carrying out hybridization of the probe to the target nucleic acid on a DNA microarray ablation I. 

[0061] Mor.ov.r lh. namb.r of Ih. flowoohrom.o by which oo.r.« oso is oamod out is only two (C.-3 o»-51 „H 

KLished'S trstltmirn'a'nStr"' T." ^k*'*^*''"**^ «'*»^ ^^e stable isotope indicator of varieties can 
[Embodiment of the Invention] Hereafter, while referring to an attached drawing, an example of the analytical 
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method of the macromolecule using the laser ablation by this invention and the gestalt of operation of the system 
shall be explained to a detail. 

[0067] The conceptual configuration explanatory view of an example of the mass analysis structure of a system is 
shown in drawing 1 as an example of the analysis system of the macromolecule for enforcing analytical method of 
the macromolecule using the laser ablation by this invention. 

[0068] The vacuum tub 12 which can set this mass analysis system 10 as the degree of vacuum of 10-8 - 10-6Torr. 
The target 14 arranged in this vacuum tub 12, and the quadrupole mass spectrograph 16 arranged in the vacuum tub 
12. The rotation installation terminal 18 turning around a target 14. and the ultrashort pulse laser 20 to which 
outgoing radiation of the ultrashort pulse laser light is carried out and which is irradiated to a target 14. It has the 
focal lens 22 which condenses the ultrashort pulse laser light irradiated from the ultrashort pulse laser 20 to up to a 
target 14. 

[0069] Here, the ultrashort pulse laser 20 was constituted by titanium sapphire laser, and is equipped with the 

parameter as shown below, namely. — peak width (pulse period width of fece): -llOfs (femtosecond) 

Output : 50-480microJ (micro joule) 

(Cusp value output: 0.5-4GW (gigawatt)) 

wavelength : - 800nm (nano meter) 

Repeat : 1kHz (kilohertz) 

It comes out. 

[0070] In addition, the quadrupole mass spectrograph 16 is perpendicularly installed 90 degrees to the direction of 
radiation of the ultrashort pulse laser light to which outgoing radiation is carried out from the ultrashort pulse laser 
20 and which is irradiated by the target 14. 

[0071] Moreover, the focal distance of the focal lens 22 which condenses the ultrashort pulse laser light by which 
outgoing radiation was carried out from the ultrashort pulse laser 20 is set as 25cm. 

[0072] In the above configuration, the experimental result which actually performed mass analysis using the above- 
mentioned mass analysis system 10 is explained. 

[0073] First, two kinds of samples (a sample 1 and sample 2) of the specification shown in drawing 2 were used as a 
sample of an experiment. And the target 14 was created with the spin coat method using two kinds of this sample 
[0074] That IS. first, one side prepares the silicon substrate of the shape of an abbreviation square which is about 
2cm. and trickles the deep solution of a sample 1 or a sample 2 by the syringe on it. After that, this silicon substrate 
IS rotated for 90 seconds by 1000 revolutions per second. The solution of the sample 1 dropped on the silicon 
substrate by doing so or a sample 2 evaporates a solvent with breadth, is solid-phase-ized. and it is hardened 
maintaining a front face at Taira and others. And the silicon substrate which the sample 1 or the sample 2 hardened 
on the front face is further put into the thermostat of about 120 degrees, and is left for 30 minutes to 1 hour 
[0075] By this approach, the target 14 which formed the wrap sample 1 or the sample 2 for the area more than 
Icmphi can be made from about [ per spot of one shot of homogeneity and the ultrashort pulse laser light by which 
outgoing radiation was carried out from the ultrashort pulse laser 20 ] 1013 concentration. 

[0076] Here, the quality of the material of a substrate does not need to be a semi-conductor, and may be a metal 
and an insulator. In the laser ablation using ultrashort pulse laser light, a substrate with high thermal conductivity 
gives higher ion detection efficiency. In addition, as for the thermal conductivity of the solid-state used ^s this 
substrate, using a solid-state as a substrate, it is desirable that they are -1-K-1 or more 0.1 W-m. 
[0077] It equips with the target 14 created as mentioned above in the vacuum tub 12. and the inside of the vacuum 
tub 12 IS lengthened to a vacuum, and it sets up so that the degree of vacuum in the vacuum tub 12 may be set to 
10 to 6 or less Torrs. 

[0078] Next, the ultrashort pulse laser light by which outgoing radiation was carried out from the ultrashort pulse 
laser 20 is condensed on a target 14 using the focal lens 22, and ablation of the sample 1 or sample 2 formed on the 
target 14 is carried out 

[0079] In addition, the pulse width of the ulbrashort pulse laser light by which outgoing radiation is carried out from 
the ultrashort pulse laser 20 is 110 femtoseconds, and the output was changed to 53microJ. 230microJ. and 
480microJ. 

[0080] And the mass of the ion of monovalence generated by the exposure of the ultrashort pulse laser light to a 
target 14 is measured with the quadrupole mass spectrograph 16. 

P?^JIJ^^ ? spectrum of the sample 1 measured by the quadrupole mass spectrograph 16 is shown in drawing 

4 ^a;. vb;. and (c) by the above-mentioned technique. 

[0082] 12C. 160. and 19F which became the ion of monovalence by raising the output of short pulse laser light to 
230microJ (referring to drawing 3 (a)) from 53microJ (referring to drawing 3 (b)) were mostly detectable in the 
amount corresponding to percentage. 

[0083] Thereby, the giant molecule of a sample 1 was atomized by the ablation by ultrashort pulse laser, such as 
femtosecond laser, and what was ionized by the atomization and coincidence was checked. 
[0084] Here, if the output of short pulse laser light is further raised to 480microJ. the peak which the rate of C 
increases and is considered to be the silicon ion of bivalence will have appeared notably (refer to drawing 3 (c)) In 
addition, about measurement of drawing 3 (c). rather than the case of measurement of drawing 3 (a) and drawing 3 
(b), the double figures sensibility of the quadrupole mass spectrograph 16 was lowered, and was measured 
[0085] Next, the microphotography in which the condition of a target 14 that the sample 1 was stripped off by the 
exposure of ultrashort pulse laser light is shown is shown in drawing 4 . In drawing 4 . the white circle of the duplex 
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ZitflThv ^'T-*'' '^^"^ ^ concentric circle and the black circle of the outside around it are 

shooed off h 1L ^'^ r* corresponds to the exposure of 8ms of released times of a shutte" xLtTs it was 

and a depth of 6 micrometers ]. and a width of fece of 48 micrometers is accepted to be what was stripped off 

Kb.02xl023J /28J /8-2 3x1013 From the experimental result about a sample 1 to ultrashort pulse laTer liirht 
(specficaMy pu se penod width of face is the femtosecond laser light which is 1 10 femtoseconds T,^as proved bv 
ablation that it is possible to atomize and ionize a maoromolecuie mxoseconasj tt was proved by 

[0088] Next, in order to conduct an experiment with the DNA sample which the label attached, it experimented like 
the case of a sample 1 usmg commercial dATP as a sample 2 i«cnea. rc experimented like 

[0089] The mass spectrum obtained by this experiment is shown in drawing 6 . and 12C 14N and 160 of a 
configuration element. 23Na. and the peak of 31P were able to be o bserved 

[0090] Also from this result it has- checked that a macromolecule (about 500 molecular weight) could also h« m«H« 
LtTecoVdtrrh*' H \'"1in ''"■^^ ^^^^ (specficalV. pulse pelJwtlth of face is the 

JotSe of P as a "aS " femtoseconds.). Furthermore, it can say that it is also possible to use the 

[0091] It was proved that C. N O. Na. F. P. etc. which are the component of organic intramolecular by applying a 
macromolecule on a silicon substrate by high density were atomized and ionlzeJ. and could brdetect^d by th^^^ 

Ln tru^Id ra i:re; " '^'^ """"^ ^"^^^ ^^'"^ " ^'^^^ ^-"^ detectable the of P 

2^'^^ ""^"^ "^'"^ 1^'"'''° ^" ^ permutation DNA sample as a DNA sample with 16 group element) 
shown bebw as a sample 3. the experimental result at the time of setting a cusp value output as 2GW for thL oulse 
rnno°,i '^"^^ o^rf ^ 20 1 10 femtosecond is explained. 

10093J Sample 3:2 -Deoxyadenosine 5'-0 - (1-Thiotriphosphate) 

fi^nLTL^triie^^^^^^^ 1P3SNa3.3H20 also in the case of this sample 3 The sample slack macromolecule 

Lm^r2 before tie^^ analysis as a target 14 like the case of the experiment about a sample 1 and a 

^rnt^t^d^t^s^^^^^^^^ 

v^ul^u'S" 2%T;d\'«' ^'""'^ ' '^'■'^^"^'^ °" ^l^^ - above in the 

SSoU*''*' ^" "'^f ^"'IP"'^^ '^^er light equipped with the above-mentioned parameter by which outgoing 

[0096] By rotating a target 14 with the rotation Installation terminal 18. ablation of the target 14 is carried out to 
tt: iZl """l tt""* of the target iTC can be ca^eJ 

Jhis case ' """"^ ^''^"'"^ <^'-'"« « -oving the focalTens 22 in 

Sl^s taT^dt^t^e^lr^^^^^^^^^^^^ — ~ ^ "^Ht to a 

in S^^tte l^ttrnVo^dr^^^^^^^ ^^^^'^ ^^^^^^ ^''^ — ^ « ^^own 

[0099] Next, while using the sample (it is a CI permutation DNA sample as a DNA sample with 17 group element) 

f<?,n^i^ evaporated the solvent applied to the silicon substrate is prepared Centigrade.. 
[0101] It equips with the target 14 which the sample 4 hardened on the front fece as mentioned above in the 

= : 'r *° ^ - — ^ setr fota-eiVee of 

[0102] Next, an ultrashort pulse laser light equipped with the above-mentioned parameter by which outgoing 
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radiation was carried out from the ultrashort pulse laser 20 is condensed on a target 14 using the focal lens 22 and 
ablation or the target i4 is carried out. 

[0103] By opening and closing a shutter, ablation of the target 14 is carried out to the shape of a spot without 
omission and duplication, moving the focal lens 22. 

[0104] And the mass of the ion of monovalence generated by the exposure of the ultrashort pulse laser light to a 
target 14 is measured with the quadrupole mass spectrograph 16. 

[0105] An example of the mass spectrum of the sample measured by the quadrupole mass spectrograph 16 is shown 
in drawing_8 by the above-mentioned technique. «r«Hn lo is snown 

[0106] In addition the analytical method of the macromolecule using the laser ablation by this invention can be used 
Z.X^'^ analysis of various kinds of macromolecules. such as DNA, protein. RNA and PNA. a lipid and suear 
[0107] Moreover, of course about the macromolecule of these various kinds, what attached the eleme'nt indicator is 
anaiyzabie. 

[0108] That is. by carrying out ablation of the giant molecules, such as protein which carried out the indicator with 
an unit or two or more isotopes with ultrashort pulse laser, albumin, and DNA. atom ionization of the giant-molecule 
configuration element can be oan-ied out completely, and quantum measurement of a giant molecule can be 
performed by carrying out mass analysis of the ionized labelled atom. Thereby, the isotope of varieties can be used 
now as an indicator. Therefore, the object range of the macromolecule which can carry out mass analysis can be 
extended now by leaps and bounds. 

[0109] That is. giant-molecule sample itself which candied out the indicator with the isotope is ionized on atomic 
level by this invention, and since it becomes possible to detect a labelled atom, the object range in which mass 
analysis 's Possible can be extended by leaps and bounds. For example, it becomes possible to use an isotope as an 
indicator of DNA. and the class of indicator can be increased also to 270 which is the number of stable isotopes 
rhis can increase amount of information by leaps and bounds as compared with the fluorescence method (two 
kinds) and radioisotope (about ten kinds) which are the conventional indicator method. 

[0110] In addition, in the above-mentioned gestalt of operation, although the quadrupole mass spectrograph was 
used as a mass spectrograph, of course, it is not what is restricted to this, and when the time-oMlight mass 
spectrograph which performs mass analysis by measuring atomic time of flight is used, mass analysis of two or more 
atoms by one laser radiation can be performed to coincidence. Moreover, also when the amount analyzer of ion 
eye otron mold fourier strange obversions is used as a mass spectrograph, it becomes possible to perform mass 
analysis of two or more atoms to coincidence. 

[01 11] Moreover although mass analysis was explained as analytical method of a macromolecule. of course, it is not 
what IS restricted to this, and you may make it use this invention about the analysis of those other than mass 
analysis in the above-mentioned gestalt of operation. 

[0112] Moreover, although the rotation installation terminal 18 which moves a target 14 and which rotates a target 
14 as a migration means was used, of course, it is not what is restricted to this, and you may make it use proper 
migration means by which a target 14 can be laid, such as a movable table, in the above-mentioned gestalt of 
Operation. 

[01 13] Moreover-, although it was made to carry out ablation of the target 14 by rotating a target 14 using the 
rotation installation terminal 18 without omission and duplication, in the above-mentioned gestalt of operation it 
may be made not to be what is restricted to this of course, and to carry out [ target / 14 ] ablation in a migration 
means to move the exposure location to the target of ultrashort pulse laser light, as it prepares without omission 
ano aupiication. 
[0114] 

[Effect of the Invention] Since it is constituted as explained above, this invention generates the atomic ion of the 
configuration atom which constitutes a macromolecule. are the analytical method of the macromolecule using the 
aser ablation which analyzed the generated atomic ion. and its system, and does so the outstanding effectiveness 
that the mass-analysis approach of the macromolecule using the laser ablation it was made not require the analysis 
apparatus of a high resolution, and its system can be offered. Here. more, in a detail, when perfor Jng mass ana^s s 

rifcttrZ f . ""T" tr"''""*^ ^"^"^^'^ °^ ^ ""^'^ ^P^*'*^"'" ™y '^^^"'^ difficult, the out^nS 

effectiveness of not needing the mass spectroscope of a high resolution is done so «n«iing 

[01 15] Moreover, since this invention is constituted as explained above, it does so the outstanding effectiveness 
that a system configuration can be compacted sharply. 

^'"^^t^'^ invention is constituted as explained above, it does so the outstanding effectiveness 
that efficient analysis can be performed now. also in the situation which the indicator isotope of varieties mixed. 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
dajnages caused by the use of this translation. 

2 liilh''""'?!.* been translated by computer. So the translation may not reflect the original preciseh. 
2.**** shows the word which can not be translated. onginai precisely. 

3.1n the drawings, any words are not translated. 



[Brief Description of the Drawings] 
^in^ It is the graph showing the specification of two kinds of samples (a sample , and sample 2) used for the 

'SS^/l^^l^Z^^Z!^^^ !" 3t:r ^ " ' ^'^^ the 

JSSlS'fnl^tler'''''^"^*^'^ "^•'-"^ and area of the blemish 

mSS^ IJ I: t*l;: mass' TT"" "IT.' ''•"t ' "^^^"^^'^ *'-<^-''°'« spectrograph. 

S HE « S 2 tJ« Zll * """""" ^ '^^"""''^^ t'^^ quadruple mass spectro^h 

10 Mass Analysis System 
12 Vacuum Tub 
14 Target 

16 Quadrupole Mass Spectrograph 
18 Rotation Installation Terminal 
20 Ultrashort Pulse Laser 
22 Focal Lens 
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* NOTICES * 



JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

lT!!i^ <iocument has been translated by computer. So the translation may not reflect the original precisely 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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s(it>. ^^miz^tnismiiL.T^mm<DmiiL7cm^m 

(2 7 0a?S) ICfcii-^-rct*<T#^. cntt. Sf* 

[0 0 5 8] .kDPMlcti. DNA-^-f i7D7K||i^ 

»^tC:teViTl 7mo)^^m&ii$i-C$>^' * C K ^ » 
• • Sn, • » 0 Snfj:t'W5«fS|SH47c5S«:^tr5? 

[0 0 5 9] ySrDNAT-fi/ayu-f J::<75^_ 

y-;/ hai!tA-fyijy<-f-->3>$^^.^^ jgg 

50 tf. /Nf ^'J^^-f ■f->.3>Lfc:/D-y|*g»c$*nT 
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[0 0 6 0] CCT. tll!3(E<DDNA-7-f i7b7U-ffe?K 

(0 0 6 13 ^?EfiJffl$nTl,»^||:Jtfe^li^5-f 
*»2a (Cy-3. Cy-5) /ftfC^D. Sa^arigJjO 

[0 0 6 2] Sfc. DNA^-f i^DyH-ODite^^O^ 
[0 0 6 3] L75»L7a:)5«e. 91* {07nSlT5'^;Hx& 3 

[0 0 6 4] afc^BJICioT, ^S^pOD^ 
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br-d7lB (/mxil#ra4B) : ~1 1 0 f s hg*) 

t*!* :50~4 8 0mJ (-^-firDi? 

i':kmm.mt) : 0. 5~4GW C^^H'y y h) ) 



[0 0 6 51 3izfgHqjcJ:tl«. SSSTc^Jcifclttt 

[0 0 6 6] 

*^B>«(Cct-5U— »f-7:/U-->3 >S:fflt»tii55i- 
[0 0 6 7] 0 1lc»4, *l8§qtJ;SU— tf-7yu- 

[0 0 6 8] c:<OS«»W->XxA 1 0«, io-»~ 
1 0 - « T o r r 1 2 

dCDJ^^lf I 2 F^tZiBS^nfe^'-y.y h 1 4 
«fl 2rtJci2BSnfclzgSffiMfi^^«rMl 6 t. ^'-^^ 

—^-^namLT'S^-yy h i 4'vBgit-r-5«jg/tju 

y--— 2 0 <!:. 1)-'-2 0*^6881^$ 

nfcS^/tJPj^U— If— y-y h 1 4±'\m^-r 

[0 0 6 9] ddT. SSA^l^XU— tf-2 Oa, 5-:$' 



[0 0 7 0] ;it*5. ESMffiKa^^Wigl 6tt, 

[0 0 7 1] @S/t;U7.U— tf— 2 0*^etBS*$ 
2 2 <D.1^,^8§8Hi, 2 5 cmJCaa;£SnTt» 

[0 0 7 2] g^±CD«ifi)cJ-t5i,.T. ±f2LfcHS^^W^ 
;^rrAl O^fflt.T^liSJCSS^i-WSrfT^fcSlgllK^IC 

[0 0 7 3] mMSio>uniivx. ^2\zm-rttm 

fflt^Tt. iE-br, C0D2a^co+)->7';u:&ffll,iX^'-y 
S 1 4SXlf>3-h}£JcJ:0fPfiEL;t. 
[0 0 7 4] BP^. *-r, — i222J«iW2 c inOBSI23^|je« 



~8 0 0 nm ^— 

1 k H z (+D'^;i.'>') 

10 0 oisife/g»T9 os>wcoi'U3>atR^i£ie-r 

lbLy^c->Un>Sffi$:. $ e,Jci|s?|l 2 OS©tiiaif 
tl. 3 0 1 ^ralMSf -5. 
[0 0 7 51 Cl<D:^ffi»CJ:0. 1^-. jgjgAJUT. 

u— tf-20j!»»e.{iiit$ nfcjBjS/^;u;:^ u-.+f -^^of) i 

->3 KOX:}?-;/ hSfeO 1 0 > 3 SgCDigST. Ic 

ni<j>6A±wiB«^«e)ti->yjH S3tH-y->yj|,2 SrJK 
fi£L//t^'— y-:/ N 1 4&fp4C,i:*«T*2.. 
[0 0 7 61 dd-e. S«0«Sttiii^«^-C*S,jJStt 



50 




J3 

. to 0 7 7] .LieWi^lCbTfPfigLfc^'-y v M 4 
T, Stffiffll 2rt<OS^ffi**l 0- • To r reilT<tJ&: 
[0 0 7 8] -^iz, ja^A;l/XU-1f-2 o*^?,ai#t$ 
fflt^T:?— y-j/ h 1 4±CSI3tUT. h 1 4± 

j^Eg s n/c -y- > :/;n * fcttij- > 2 Sr z :r U - -> 

[0 0 7 91 nc*J. tf-2 0*^e.tt5S^$ 

e-'T-^)!?. ai:»3tt5 3wJ, 230mJv 480 /iJ»C 
10 0 8 01 ^-LT. ramSKMi^ffggl 6{Cj;oT, 

10 0 8 11 03(a) (b) (c) ±|2Lfc^ 

[0 0 8 2] tf-3tcoai:^)^5 3 M J (0 

3 (b) *^f,2 3 0 MJ (0 3 (a) #Bg) iz$, 

ff-SCfe. >i:;a:o;fc 1 ^ c. ' ^ q. 

[0 0 8 3] C*1ICJ;I3. •y->:/JH cDSi^^ia, :7a: 

[0 0 8 41 CC-C. ^refcMAJUXU— !f-Jt(75ad:*3 
S:4 8 0 « J {cafejfst. CCDSiJ^ASiiJpL, Sfc, " 

t (S3 (c) #fig) . Ui^, 0 3 (c) WSflStcKL 

T(i, G3MS»ft^^■wssl eo^g^ias (a) ^ce,oc 
tBi3 (b) <^m^o)m^^iot>-iiiT^ixm^Lrz. 

10 0 8 51 '^iz. BI4iC«, mm/V\^7.U-^-ift<D 
«. |SI'£.»R«ICBfiRSiHfc-SRfcSrti8!lODai»Ri:-t 

[0 0 8 6]E5»4. ^-yyhi4izm^^tiftm<o 

SU'^JI.B (Lv. B) 7&<->U=i>S«©«lit%Ae. 
ISS8iim. ^2 2 4 um<DPimp^\z^r>ff^>y 
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>'H<*:^$6Mm. *B 4 8 mORiiF*g(D>iJ 3 >i: 

cn^if). fiM/t;l.;^u— y-*— ;)t<Z) 1 ->3 .;/ ^sx- 
?^J^5^6nfc■t^>:/JKDai->lJ 3 ><0S,«:*^«fc^, 

etTWigll -5. 

[0 0 8 7] IP^, jSS/tJPXU— »f->t<oi vg.;; h 

(224/2) 2 7tX8xio - ' 2 [cm'] Xl 
[g/cmM X { (6. 02X10* 3) /119 
10 3}H-8 = 2. OXIO'3 

(4 8/2) Ttxex 1 0- . = X (1/3) [cm 
M X 2. 3 3 [g/cm3 ] X ( (6. 0 2 X 1 0 
* * ) /2 81 -^-8 = 2. 3X10' ' 

[0 0 8 8];*:tc. 7'^;poovifcDNA-y->^;p-c<7> 

[0 0 8 91 E6»Ctt. Cro^«tCj;r)^6*lfc«gx 
[0 0 9 0] C<OieS)&iC,t,. 

^ 37 J U <!: L T ffl V ^ -5 C t fc pj fig -C $, ^ d i A S . 
[0 0 9 1] iti5J-^^^S;2BgT->U=J 

^tiiXt^Z.ti)i^m.^tlft. d ATPF«q©p$.;g|ti.-^ 

[0 0 9 2] e^Tt^-TK^Gf (lemTzmt:^^ 

DN AU->yjU<t:LT, S g^D N AtJ" >y;U) 5:-!t> 
3/";U3iLTfflt,^^i:tfclC, U— tf- 2 0 
©y-?;|.;^|^raS«:l 1 07xAhtP, ^feSSfflmASr 2 G 

[0 0 9 31 •^>:f}\.3 :2'-Deoxyadeno 
sine 5' -O- (1-Th 5 o t r i pho s p 

hate) 

:CioHisNsOiiP3SNa3 •3H2 

50 O 




(9 
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[0 0 9 4] ±t2<D.t5ICUT«ffllC-y->yjt.3*iJg{t 

y h 1 4 SrJS^S 1 2 rtJc^l^Lx. SS« iO 
1 2 F*lSrSStC?|UT. 1 2rtODS3gg*n 0 

- « To r reiTt;^£*iolc|g^-r;5. 

[0 0 9 5] '^\z, 0*»^,|UJ|tS 

U>X2 2 *ffll,»T^'— y.y M 4±IC 
[0 0 9 6] mi^mxm^l 8\Z^K>^-yy M 4$ 

[0 0 9 7]^LT, l23aSHa5^«rSl 6tioT, 

[0Q9 8] 07ttt. ±IBb;t^^»cJ:0. PHSgM 
fi»tlTgs 1 6 ICioTiilJ^dtx&HlSKTJSIg;;^^^ j.^ 
A CD — fiaj *t $ n T t i -5 . 

[0 0 9 9] iUTI::^TSS^ (l imyim^h^ 
DNAD->-jr}itLX, C 1 B^DNA-y->:/;i.) ^-y 30 

0WA;i.XB#F«m^l lO^iAKist. ^Siatfl:^S2 

[0 10 0] •y>:/;i.4 :5-Chloro-2'-D 
eoxyuridlne 
it^^ :C9H, ,ClN2 0s 

0{:cfcOi«5i^^©aM5J-^S:fTPmt, ^'-y-:/ 

S*» L ® ffl! ^ -> ij n >S« jSfc^it.L , U n >S 

«S:«a5 0SrofiM«F«3{riKj3 O^j-KKBL, v'Ua 

[0 10 1] ±gB«)j;^ic:Lxs®»c-y->:/jU4*t®{t: 

l^lt^—Jf'j h 1 4S:^S«i 2rttC^3»LT. 
1 2|*9$g^|c?|UT, K^»l 2|*goDS35«*«l 0 
" * To r re4Ti:;5:-£.i-p(ciS3e-r-5. 
[0 1 0 21 ^SAJI^XU— !f-2 0d^e,tlJS*a 




— *;^U>X2 2SrfflliX^'— h 1 4_t|; 
m^KLT. :5'-yyhl4S-7>^U-;>3>r*. 
[0 10 3] 7*-;*,:^U>X2 2«r^!a,Lnc*^6->-V 

v^-^mmr^z.ii\z^*), i^-Vvhi A^fim- 

[0 10 4] ^LT. BgSS«§4^Srig 1 6ICj;oT. 
^'-y-;/ h 1 4'^©j@eAJl.XU-if-^cDHg|^jcj;0 

[0 10 5] @8ictt. ±feL/i#fe{rj;o. \mmmn 

A ® — 0i| $ tl T t » -5 . 
[0 10 6] Uii. *^I«ICJ;SU— tf-Tr/l'-v'g 

RNA, PNA, jii®. mtiii<D^m<D^^^<om 

[0 10 7] ifc. dtxeSacDifiS^^^lrMLTtt. 7t 
^ S i6 * I* tt fc © t) » ■& C t *^ T? €? -5 OD tt^^ T 

[0 10 8] fiPt. mmn)V7.l—^-\z^*3^W^tz 

Afj:<i:WSi5J-^^^7yi~->3 >-r.5;itlCctO. S^J- 

SrK^^^^-r ^ C <!: (c J; 0 ^^^Oil^^M^^Vr o 

[0 1 0 91 OS *»|«CJ:^T, |S|ta:«C7c3!lT8l 
•5. 0iJA«, DNA©«BaitLTrateft7C**ffluic 

[0 1 1 01 itcis. ±tei.;t^is<Dji^iigfc*3i>Tfa. ^ 
=i-<nmnmm^m^t^:it\z^f)wm^^^n^mn 

[0 1111 ±f3UfcSI]Sfi©JKfil»2:ifei»Tti. ;i5 
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[0 1121 Sfc. ±teLfc*j6g©J^®JCiit»Ttt. if 
—y-j h 1 4 *^»|-rs»»^gt LT. S-V :, V 1 
4 Srlue-rslEie^ASg^^l 8€fflt»>5:7S<. dtlldg^ 

® B »J ffi /i^f ®i g a 0) 5^ - y fOTiS:^©^ 

• [0 1 1 31 Sfc. ±gSLit^Jg(DJBa8tiJUX«. © 
S®A)^^ 1 SSrfflUT:?— y ^/ h 1 4 S:[Hlg-r-S d i: 
tCj;Ov ^'-yy M 4*itjS.mm3^j:<7yu-£>3 

[0 114] 

^^Lfcus^'f :^■>^^^•tf■r■5J;5»wLfc^- 
[0 115] 2|s:^B^«, «±iJiB^ Lfc J; 5 
[0 1 1 6] K±Si^LfcJ;3t«l 
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[Sil ^^bjj::^;^)!^— tf-7:/u->'3 >«:ffl(,»fc 

10 21 m.mzmutz2mmn^>-:f)v (■y->y;nii 

[0 3] (a) (b) (c) «. E9«ffi«g5J-#fSgJcJ: 

JO (a) tf-3twUl:^S: 2 3 0 u J t Lfc 

«^*5?U (b) ttS/tjUXL — -tf-Jtcoaj^iSrS 3 

m:'3^4 8 0 w J tbfcJS^^^T. ;a*5. (c) <7)Sl 
^icMLTia. iaSffi«»^^W8gw^g^ (a) Is-^blS 
\z (b) ©ia!i;C©«^J;Ot>-ffrTlfTiB!))eLfc. 
[0 41 y-3t(7)Bg|t«CJ:oT-y->7';U 

[0 8] iamsaa^«fs§tcj:oT»ij6snfc-y->y;u 

5(7 1 4 ^-y.;, h 

1 6 lzgS@9S5^«f§S 

2 0 jS^A^UXW— tf- 
2 2 y^-t}7.l'>X 



[0 5] 
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